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Figure 73. Strains measured during live load tests (A-A) 

  
 

Figure 74. Strains measured during live load tests (B-B) 

To facilitate the analysis of the live load data, the structural responses of both the girders and the 

cross-frames were determined as a function of the vehicles that passed over the full length of the 

bridge. Transverse lines were marked on the bridge to allow the time in seconds that it took for 

each truck to cross the bridge to be measured consistently. The data were then plotted to show 

the strain response versus time.  

Figure 75 presents the longitudinal strain response versus truck passing time at midspan for each 

of the six ambient traffic loading scenarios.  
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(d) LC16 – 1 Semi Truck 

 
(e) LC18 – 2 Semi Trucks 

 
(f) LC19 – 1 Semi Truck 

Figure 75. Longitudinal strain response of girders at midspan under six load cases  

As the figure shows, the maximum strain (80 microstrain) was measured during LC 13 on the 

bottom flange of Girder 5. As for the other load cases, the maximum strains measured during LC 

16, 18, and 19 were each about 40 microstrain; these strains were also measured on Girder 5. 

This may be because the passing truck in each of these four load cases was driving on the far 

side of the curve.  
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(d) LC16 – 1 Semi Truck 

 
(e) LC18 – 2 Semi Trucks 

 
(f) LC19 – 1 Semi Truck 

Figure 80. Transverse strain response of girders at the end span under six load cases 

For the transverse strain recorded in the girders at the end span, the maximum response was 

again recorded on the bottom flange of Girder 5. The ratio between the transverse strain and the 

longitudinal strain is similar to that of the midspan, about 25%, but again the two strains have 

opposite signs. 
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Figure 81 presents the strain response measured in the angles of the inside cross-frame at the end 

span.  

 
(a) LC4 – Heavy traffic plus large truck 

 
(b) LC12 – 1 Semi Truck 

 
(c) LC13 – 1 Semi Truck 
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(d) LC16 – 1 Semi Truck 

 
(e) LC18 – 2 Semi Trucks 

 
(f) LC19 – 1 Semi Truck 

Figure 81. Cross-frame (inside) strain response of girders at the end span under six load 

cases 

As this figure shows, the maximum strain was recorded during LC 16 and 18, each of which had 

the same maximum strain value of approximately 10 microstrain, which is approximately 

equivalent to 0.4 ksi. The maximum response was recorded for S3 (i.e., the left diagonal 

member) in compression and for S4 (i.e., the right diagonal member) in tension (refer to Figure 

73 for the locations of these strains). 
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Figure 82 presents the strain response measured in the angles of the outside cross-frame at the 

end span.  

 
(a) LC4 – Heavy traffic plus large truck 

 
(b) LC12 – 1 Semi Truck 

 
(c) LC13 – 1 Semi Truck 
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(d) LC16 – 1 Semi Truck 

 
(e) LC18 – 2 Semi Trucks 

 
(f) LC19 – 1 Semi Truck 

Figure 82. Cross-frame (outside) strain response of girders at the end span under six load 

cases 

As the figure shows, the maximum strain was again measured during LC13, but with a value of 

10 microstrain in compression. The maximum response was recorded for S9 (i.e., the right 

diagonal member) in compression and for S8 (i.e., the left diagonal member) in tension (refer to 

Figure 73 for the locations of these strains). 
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In the field tests carried out by the research team, live load was not found to have any significant 

effect on the cross-frames. The following observations were made based on the live load cases, 

i.e., LC1 through LC20:  

• The maximum strain in the inside cross-frames was determined to occur in the diagonal 

members located at the midspan of Span 4. The magnitude of the strain was found to be in 

the range of 15 microstrain, which is approximately equal to 0.6 ksi (Figure 77 a–f).  

• While the maximum strain in the outside cross-frames was also found to occur in the 

diagonal members located at the midspan of Span 4, the corresponding magnitude was in the 

range of 30 microstrain, which is approximately equivalent to 0.9 ksi.  

• Likewise, the maximum strain in the inside cross-frame located at the end-span of Span 4 

was recorded in the diagonal members. The corresponding magnitude was in the range of 10 

microstrain, which is approximately equivalent to 0.4 ksi.  

• The maximum strain the outside cross-frame located at the end-span of Span 4 was similar to 

that of the diagonal members, with a magnitude of 10 microstrain, which is approximately 

equivalent to 0.4 ksi. 

Considering that the cross-sectional area of L6×6×5/8 is 7.13 in.2 and the maximum stress 

recorded during live load test was 0.9 ksi, the maximum force in the cross-frames was 

approximately 6.5 kips. The capacity of this angle, as per AASHTO, is 165.8 kips under 

compression and 243.8 kips under tension. Considering this capacity calculation, the cross-

frames are stressed up to 4% (in compression) and 3% (in tension) under live loads. The live load 

employed in the numerical simulations, however, was different than that experienced during the 

field tests. The bridge is 36 ft wide inside of the curbs. This, ideally, allows the use of three 

design lanes. However, two design lanes were used in the initial analysis of the bridge. The 

forces/moments due to dead, live, and temperature loads are plotted in Figures 17 through 38 

above. From the axial load in Members 3 and 4 (i.e., the diagonal members in the cross-frame 

located at the midspan of Span 4), the maximum compression and tension forces were found to 

be in the range of 10 to 12 kips. 

Field Test Summary and Conclusions 

In this analysis, load tests using ambient traffic were performed for the Story County bridge, 

with the goal of characterizing the structural response of the girders and the cross-frames. The 

data were analyzed to determine the longitudinal and transverse strains in the girders and the 

magnitudes and distributions of strains in the cross-frames at both the midspan and end span of 

Span 4.  

From the field tests carried out for this analysis, the following conclusions can be drawn 

regarding the girder flange response: 

• For the longitudinal direction, the maximum response was 80 microstrain (2.4 ksi), measured 

in the bottom flange of Girder 5 during LC 12 (i.e., 1 semi-truck).  
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